Objective: To study the intake of sweet foods in obese and normal-weight women, while also taking menstrual cycle effects on eating behaviour into consideration. An objective test of the intake of sugar-containing foods was introduced by measuring salivary counts of mutans streptococci and lactobacilli. Design: A cross-sectional comparison of the intake of sweet foods in obese and normal-weight women. The obese women were also studied longitudinally after 10 weeks in a weight reduction programme. Subjects: Obese (n ¼ 72, body mass index (BMI) 42.0 AE 5.2 kg=m 2 ) and normal-weight women (n ¼ 67, BMI 22.2 AE 1.6 kg=m 2 ) participated. Results: Mutans streptococci in saliva were higher in obese than in normal-weight women (P < 0.0001), although the reported habitual daily intake of sweet foods did not differ. Of the menstruating women, 80% of the obese subjects and 62% of the normal-weight ones (P < 0.05) reported periods during the menstrual cycle with an 'extra large' intake of sweet foods; these intakes were higher in obese than in normal-weight women (P < 0.01). The obese women reduced their intake of sweet foods after 10 weeks of weight reduction, although these changes were not pronounced enough to significantly affect the counts of cariogenic microorganisms. Conclusions: In contrast to most previous cross-sectional studies, this study shows that obese women have a higher intake of sweet foods, especially pre-menstrually. This was indicated by higher salivary counts of cariogenic microorganisms.
Introduction
The majority of cross-sectional food surveys show an inverse relationship between sugar intake or sugar -fat intake and BMI (body mass index) in women (BoltonSmith & Woodward, 1994; Drewnowski et al, 1997; Gibson, 1996; Miller et al, 1990; Stam-Moraga et al, 1999) . When clear under-reporters have been excluded, as they were in the study by , the relationship is, however, reversed, indicating that underreporting plays a role when the results are interpreted. Under-reporting is a concern in dietary surveys and in terms of foods considered to be unhealthy, such as sweet foods (Macdiarmid & Blundell, 1997; Mela & Aaron, 1997) . Apparently, there is a need for some kind of objective test for the intake of sweet foods, such as salivary counts of mutans streptococci and lactobacilli. The numbers of both these types of cariogenic microorganisms in the oral cavity are known to be related to sugar consumption (Andréen & Köhler, 1992; Karjalainen et al, 1987; Kristoffersson & Birkhed, 1987; Scheie et al, 1984) .
The food intake across the menstrual cycle has been studied by several researchers (for a review see Buffenstein et al, 1995; Dye & Blundell, 1997) . A consistent pattern of an increase in energy intake of about 10% in the premenstrual (luteal) phase has been found (Buffenstein et al, 1995) . However, all the previous studies have focused on normal-weight women and no data is available for obese women.
The clinical experience from our obesity units is that many obese women regard their craving for sweet foods as a contributory cause of their weight problems, particularly during the pre-menstrual period. The aim of the present study was therefore to measure the intake of sweet foods and the number of cariogenic microorganisms in obese women in comparison with normal-weight women and also to take the effects of the menstrual cycle on eating behaviour into consideration. Furthermore, we also wanted to measure longitudinally the change in the intake of sweet foods in the obese women after 10 weeks in a weight reduction programme.
Subjects and methods

Study design
This study consists of two parts: (1) cross-sectional comparison of the intake of sweet foods and the number of cariogenic microorganisms in obese and normal-weight women; and (2) longitudinal changes in the intake of sweet foods and the number of cariogenic microorganisms in obese women after 10 weeks in a weight reduction programme.
Subjects
Eighty-three obese women with a BMI of above 30 kg=m 2 were invited to participate. They were all recruited prior to a weight-reducing treatment programme at the Obesity Unit at Huddinge University Hospital (see below). Diabetic subjects on insulin were excluded. Seventy-three women agreed to participate and completed a dietary questionnaire. One subject was excluded due to coding problems. Data from 72 obese women were therefore obtained. Sixty-seven normal-weight control subjects were recruited from the obese women's closest environment, ie each normalweight women was a friend, a relative, a co-worker or a neighbour of one of the participating obese women. The BMI was 42.0 AE 5.2 (mean AE s.d.) kg=m 2 for the obese women and 22.2 AE 1.6 kg=m 2 for the normal-weight women. The obese women were 42 AE 10 (mean AE s.d. range 22 -61) y old and the normal-weight women were 37 AE 11 (range 20 -64) y old (P < 0.01).
Treatment (weight reduction programme)
The total treatment period for the weight reduction programme ('The day-care treatment programme') at the Obesity Unit at Huddinge Hospital, lasts for 3 y and starts with 12 days during a period of 10 weeks when the patients are day-care patients. They then attend monthly group sessions for up to 3 y. During the initial 10 weeks, the days are tightly scheduled and include breakfast, group sessions relating to quality of life and eating behaviour, nutritional education, cooking sessions including a common lunch and physical activity. During one of the first days, the patients are given individual energy restrictions of 2.5 MJ (600 kcal) less than calculated total energy expenditure (physical activity level, PAL, factor 1.3).
The most important task for the patients is to learn to eat three regular meals and two to three planned proper snacks (mostly fruit), according to the Nordic Nutrition Recommendations (1996) . If they are compliant with these recommendations, the patients will obtain about 15 -20% of their daily energy from protein, not more than 30 energy% from fat and 50 -55% of their daily energy intake from carbohydrates. Sugar (by definition refined or industrially produced sugars) should not provide more than 10% of the daily energy intake.
Dietary questionnaire
A self-administered questionnaire was used. In the first part, general questions about the menstrual cycle (ie cycle regularity and length), hormone treatment and intake of sweet foods were included. The following questions were asked: 'Do you consider that your intake of sweet foods is a problem for you and your weight?', 'Do you eat more sweet foods during any part of the menstrual cycle?' and if so, 'when?' and 'for how many days?'.
In the second part of the questionnaire, the subjects were asked to quantify their habitual intake of sweet foods and also their intake of sweet foods during the menstrual cycle when they ate more than usual (so-called 'extra large' intake). If extreme intakes were reported, they were carefully re-checked by a personal interview by a dietitian and confirmed in all cases.
The questions about sweet intake were adapted from the validated SOS (Swedish Obese Subjects) dietary questionnaire (Lindroos et al, 1993) and covered the intake during the last 2 months. The following sweet food products were included: sweets, chocolate, cake, pastries, biscuits and ice cream. Subjects quantified by reporting the number of different types and sizes of sweet foods eaten per day or per week. Sweets and chocolate could also be quantified by using the sizes of pre-confectioned packages sold in Sweden. The amounts were then converted into grams, from which the daily intake of energy, fat and sugar (mono þ disaccharides) was calculated using a computer. The nutrient values in the database were obtained from food tables from the Swedish National Food Administration and from manufacturers.
The habitual daily intake of sweet foods was calculated for all subjects. The so-called 'extra large' intakes were calculated for all subjects reporting a higher intake of sweet foods during any part of the menstrual cycle. The so-called 'average' intake of sweet foods per day was calculated by combining data from the reported habitual daily intake of sweet foods with data from the reported 'extra large' intakes. This was possible as we had data on the average number of days of the menstrual cycle in menstruating women and data on the number of days per menstrual cycle on which subjects reported their 'extra large' intake of sweet foods. For those who did not report 'extra large' intake, the 'average' intake was equal to the reported habitual daily intake of sweet foods.
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Cariogenic microorganisms
Paraffin-stimulated whole saliva was collected during a period of 5 min at the Obesity Unit. The sampling was carried out in the morning (between 7 and 8 am) before eating and toothbrushing, approximately 1 h after awakening. One millilitre of the saliva was transferred to 4.2 ml of VMG transport medium (Möller, 1966) . The sample was sent by mail to the Department of Cariology in Göteborg and was processed within 24 h. It was dispersed on a Whirlimixer for 20 s, serially diluted in 0.05 M phosphate buffer and plated on MSB agar (Gold et al, 1973) to estimate mutans streptococci and on Rogosa SL agar to estimate lactobacilli. The MSB agar plates were incubated in 95% N 2 and 5% CO 2 at 37 C for 2 days and the SL agar plates aerobically at 37 C for 3 days. The number of colony forming units (CFU) of mutans streptococci on MSB agar were counted and identified by their characteristic colony morphology (Emilson, 1983) . All CFU in SL agar were regarded as lactobacilli.
Data from subjects treated with antibiotics during the past 2 months (n ¼ 13) prior to the saliva sampling were excluded.
The study was approved by the Huddinge Hospital Ethics Committee and all the subjects gave their informed consent to participate.
Statistical methods
The data was analysed using StatView 5.0 for Macintosh (SAS Institute Inc.). Parametric statistics, such as twotailed Student's paired and unpaired t-tests, were used when comparing age and salivary counts (logarithmically transformed). Otherwise, non-parametric statistics such as Wilcoxon (for paired comparisons), Mann -Whitney (for unpaired comparisons) and chi-square tests were used, due to skew in the data. Pearson's coefficient of correlation was used to test the degree of relationship and Fisher's r to Z transformation was carried out to determine the level of significance. P < 0.05 was considered statistically significant in all tests.
Results
Menstrual history
Seventy-eight percent (56 of 72) of the obese women and 90% (60 of 67) of the normal-weight women were still menstruating (P < 0.01). Seventy-four percent of the obese women and 73% of the normal-weight women were not receiving any hormone treatment. In the menstruating women, the median length of the menstrual cycle was 28 days in both obese and normal-weight women. However, the distribution of the menstrual cycles differed (P < 0.05) due to a larger range (20 -60 days) in obese women, compared with normal-weight women (20 -45 days).
Intake of sweet foods
Fifty-seven percent (41 of 72) of the obese women and 11% (7 of 65) of the normal-weight women considered their intake of sweet foods to be a contributory cause of their present weight (P < 0.0001). The reported habitual daily intake of sweet foods did not differ between groups, see Table 1 , but 14% (19 of 72) of the obese women and 4% (3 of 67) of the normal-weight subjects reported a habitual daily intake of sweet foods of 4.2 MJ (1000 kcal) or more (P ¼ 0.057).
Of all the menstruating women, 80% (45 of 56) of the obese subjects and 62% (37 of 60) of the normal-weight ones had periods with an 'extra large' intake of sweet foods (P < 0.05). These periods lasted for a median of 2 days in both obese women (range 1 -14 days) and normal-weight women (range 1 -8 days). Eighty percent (36 of 45) of the obese women and 92% (34 of 37) of the normal-weight women reported that they ate more sweet foods prior to menstruation.
The 'extra large' intakes of sweet foods were higher in obese women, see Table 1 . Thirty-three percent (15 of 45) of the obese women and 5% (2 of 37) of the normal-weight women reported 'extra large' intakes of 8.4 MJ (2000 kcal) a day or more (P < 0.01). None of the normal-weight women but 18% (8 of 45) of the obese women reported extremely high intakes of more than 16.7 MJ (4000 kcal) a Sweet food intake and cariogenic microorganism count B Barkeling et al day (P < 0.01), which corresponds to a daily intake of more than seven 100 g chocolate bars.
The 'extra large' intakes divided into different types of sweet foods are shown in Table 2 . The obese women ate more chocolate and sweets but the same amounts of cakes, biscuits, pastries and ice cream as the normal-weight women.
The women who reported that they had periods of 'extra large' intake of sweet foods during the menstrual cycle were also asked to estimate whether they ate more, less or equal amounts of all other foods apart from sweet foods during these time periods. Fifty-one percent (23 of 45) of the obese women and 50% (18 of 37) of the normal-weight women ate equal amounts of food, 40% (18 of 45) and 42% (16 of 37), respectively, ate more and 9% (4 of 45) and 8% (3 of 37), respectively, ate less.
Data on the 'average' intake of sweet foods is shown in Table 1 ; there was no difference in this respect between obese and normal-weight women. However, 18% (13 of 72) of the obese women and 6% (4 of 67) of the normal-weight women reported an 'average' intake of 4.2 MJ (1000 kcal) or more a day (P < 0.05).
Cariogenic microorganisms
The salivary counts of mutans streptococci and lactobacilli for normal-weight women and obese women at the start of treatment are shown in Table 3 . Obese women had significantly higher numbers of mutans streptococci compared with normal-weight women. Fifty-five percent (35 of 64) of the obese women had high mutans streptococcus counts (>10 6 CFU=ml) compared with 21% (12 of 57) of normalweight subjects (P < 0.001). The number of lactobacilli did not differ between the two groups. There were no significant correlations between mutans streptococci or lactobaccilli on the one hand and the intake of sweet foods on the other hand for habitual, 'extra large' or 'average' intake in either obese or normal-weight women.
Longitudinal data for obese women
The changes in weight, intake of sweet foods and salivary counts before and after the 10 weeks of treatment are shown in Table 4 . The women had lost an average of 6 kg (P < 0.0001) and they also reported significantly lower habitual and 'extra large' intakes of sweet foods. The correlation between the reduction in 'average' intake of sweet foods a day and the reduction in weight was r ¼ 0.34 (P < 0.01). However, mutans streptococci and lactobacilli did not decrease significantly and there were no correlations between changes in the 'average' intake of sweet foods and changes in mutans streptococcus (r ¼ 0.06) or lactobacilli counts (r ¼70.01).
For the purpose of the study, those obese women who had a high mutans streptococcus count (>10 6 CFU=ml) and a low 'average' daily intake of sweet foods (defined as < 887 kJ (212 kcal), ie less than the 25th percentile of the reported intake of sweet foods in obese women) were operationally defined as under-reporters. These underreporters lost 3.9 AE 3.7 kg of weight compared with 6.6 AE 2.9 kg of weight in the other group (n ¼ 57), after 10 weeks of treatment (P ¼ 0.052).
Discussion
In the present study, more than half the obese women considered that their intake of sweet foods was a contributory cause of their weight problems. However, they did not report a habitual intake that was higher than that of normal-weight women. On the other hand, the 'extra large' intake was higher in the obese subjects and none of the normal-weight women reported extremely high intakes, ie more than 16.7 MJ (4000 kcal) a day compared with 18% of the obese women. 
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The high salivary counts of mutans streptococci, with a mean of 10 6 CFU=ml, also indicate that obese women have a higher intake of sweet foods compared with normalweight women who had a mean of 10 5 . The lactobacilli counts were also higher for obese women, even if the difference was not statistically significant, compared with the control group. As foods that are considered unhealthy, such as sweet foods, may be more susceptible to underreporting (Macdiarmid & Blundell, 1997; Mela & Aaron, 1997) , the question is: does the reported 'extra large' intake reflect the true habitual intake more than the reported habitual intake? It might be easier to admit to a high premenstrual intake than a high habitual intake, since the former could be attributed to hormonal changes outside individual control, while the latter might just be looked upon as a reflection of a weak character.
Under-reporting could be due to either sheer forgetfulness or social desirability, which means that foods which are considered unhealthy to eat are missed out or recorded in smaller quantities . Under-reporting is most probably not systematic. Subjects under-report to different extents. For example, in this study, we had obese subjects with extremely high mutans streptococci counts of more than 10 7 CFU=ml but still reporting a zero intake of sweet foods. The under-reporting and the loss of saliva data from some subjects with extremely high intakes could probably also help to explain the lack of correlation between the salivary counts and the intake of sweets. The salivary tests were included in the present study as an indicator of sweet intake. The subjects were also informed about this when they reported their intake of sweet foods. Mulheim et al (1998) have shown that, if subjects believe that the researcher can verify their reported intake, they report more accurately. The inclusion of salivary tests in this study may thus also have prevented under-reporting to some extent. For instance, we might not have captured the extremely high 'extra large' intakes without the salivary tests.
For the majority of subjects, the 'extra large' intake of sweet foods took place during the pre-menstrual phase. This is in accordance with the reported increase in energy intake during the luteal phase in normal-weight women (Buffenstein et al, 1995) . One possible mechanism for this may be the elevation of progesterone during this phase, which may inhibit the appetite-depressing effect of oestrogen (Buffenstein et al, 1995) . On the other hand, if the premenstrual intake is due to hormonal fluctuations, it would not be present in subjects on hormone treatment, such as contraceptive pills, where the hormone levels are constant and do not fluctuate. However, it is interesting to note that eight of 12 obese women and six of 13 normal-weight women in the present study, taking contraceptive pills, hormone IUD or depot medroxyprogesterone treatment, reported that they had higher pre-menstrual intakes. The menstrually related changes in mood and food intake, premenstrual syndrome (PMS), are a well-known phenomenon for many women in our Western society, but they are not experienced by women in tribal societies, for example (Paige & Paige, 1981; Johnson, 1987) . This indicates that PMS could be a culture-bound phenomenon and that the menstrually related overeating of sweet foods can be only partly attributed to hormonal changes. The simple awareness of a cycle stage may condition overeating unrelated to hormonal stages for some subjects.
One limitation of this study is that the questionnaire does not cover the total dietary intake. In order to increase compliance, we wanted to make the questionnaire as short as possible and it therefore only included sweet foods that we knew from clinical experience that Swedish women overeat. We also believed that, by focusing exclusively on sweet foods and no other foods, we might prevent underreporting due to forgetfulness. Previous analyses using the complete version of the SOS dietary questionnaire have suggested that there are no differences in the intake of nonalcoholic beverages between obese and non-obese women (A-K Lindroos, unpublished data) and sugar-containing drinks were therefore not included in the questionnaire.
We are well aware of the problem of recruiting a suitable control group. The purpose was to identify women who were as similar as possible in terms of socio-economic status to the test group. By recruiting the control group from the obese women's closest environment, we increased the likelihood of the obese and normal weight socio-economic status being more similar than if we had recruited the normal-weight women from another population, such as hospital staff or students, who are quite frequently used as control groups. If we had instead recruited the control group from the Stockholm County Census Bureau, we know from experience that the participation rate is low, so the question is whether a control group of this kind would have been more representative than the control group in the present study. The principal problem with a control group like the one in the present study is that the two groups may be too similar to identify any differences in the intake of sweet foods.
The obese women reported that they had cut down on their intake of sweet foods after 10 weeks on a weight reduction programme. In spite of this, the salivary counts did not decrease. There are several explanations for this finding. One may be that it takes a relatively long time to change the ecology of the oral microflora. Another more likely explanation is that more severe restrictions in the intake of sweet foods are required to induce such a change. The treatment programme did not support these restrictions. On the contrary, subjects in this treatment programme are encouraged to plan to eat something highly desirable, an 'extravagance', once a week in modest amounts, in order to learn self control. For women, these intakes are often sweets (Cerú & Rössner, 1998) . Apparently, the change in the intake of sweet foods in the obese women was not pronounced enough to induce a change of lactobacilli and mutans streptococci. In 1992, Andreén and Köhler published a study on the effects of a Weight Watchers' diet on cariogenic microorganisms (Andréen & Köhler, 1992) . At the time this diet was very strict with only 4.2 MJ (1000 kcal) a day recommended and no sugar added. In that study, the number of both lactobacilli and mutans streptococci was significantly reduced after 4 and after 8 weeks of diet compared with baseline.
In conclusion, our study shows that the effects of the menstrual cycle on eating have to be taken into consideration when studying obese women in dietary surveys as well as in treatment programmes. The women with extremely high intakes of sweet foods, such as one-fifth of the obese women in this study, might not lose much weight in a treatment programme if attention is not focused on helping them with their craving for sweet foods. Salivary counts of mutans streptococci and lactobacilli may be a useful tool in such a programme. In future dietary surveys, when methods such as dietary history are to be used, under-reporting may be prevented if not only average meal sizes but also the size of so-called 'extra large' intakes are requested.
